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LIQUID CRYSTAL DEVICE, LIQUID CRYSTAL DEVICE MANUFACTURING 
METHOD, AND ELECTRONIC DEVICE 
This is a Divisional Application of U.S. Patent Application No. 10/043,240 filed 
on January 14, 2002, the contents of which are incorporated herein in its entirety. 

BACKGROUND OF THF. INVENTION 

1. p^pIH of Invention 

lOOOl] The present invention relates to transflective liquid crystal devices by which 
a reflective display that uses light reflected after passing through a liquid crystal layer and a 
transmissive display that uses light transmitted through the liquid crystal layer can be 
manufactured, and in which a color filter can be disposed on a light path so that color display 
can be realized. 

2. DescriDtion of Related Art 

[0002] Recently, liquid crystal devices have come into widespread use in electronic 
devices, such as mobile phones, portable computers, etc. In such liquid crystal devices, 
reflective liquid crystal devices, in which a light reflecting film is provided on an inside or 
outside surface of a substrate disposed at the side opposite to the observer's side of a liquid 
crystal layer, are known in the art. In reflective liquid crystal devices, light incident from the 
observer's side is reflected at the light reflecting film, and is used as a light source for display. 

[00031 In addition, transmissive liquid crystal devices, in which an illuminating 
device, that is, a so-called backlight, is disposed at the side opposite to the observer's side of a 
liquid crystal layer and is used as a light source for display, are also know in the art. In 
addition, transflective liquid crystal devices, in which openings are formed in a light 
reflecting film, and in which reflective display is realized using regions excluding the 
openings in the light reflecting film and transmissive display is realized using the light 
passing the openings in the light reflecting film, are also known in the art. 

[00041 On the other hand, recently, color display is often realized in liquid crystal 
devices by disposing a color filter having R (red), G(green), and B(blue) or C(cyan), 
M(magenta), and Y(yellow) subpixels, in a display area of the liquid crystal devices. 

ST IMMARY OF THE INVENTION 
[00051 According to a known technique of color transflective displays, in which 
openings are formed in a light reflecting film and a color filter is used, uniform color display 
over the display area cannot be realized. The inventors have performed various experiments 
to discover the reason for this, and found that color display cannot be made unifonn if the 
relationship between the openings in the light reflecting film and the R, G, and B or C, M, 
and Y subpixels regarding position and shape are not adequately coordinated. 
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[0006] In view of the above-described finding, an object of the present invention is 
to provide a transflective liquid crystal device in which color display can be made uniform 
over the display surface in both the reflective display mode and the transmissive display 
mode. 

[0007] In order to attain the above-described object, according to a first aspect of 
the present invention, a liquid crystal device can include a pair of substrates which sandwich 
liquid crystal, a light reflecting film formed on at least one of the substrates, and a color filter 
formed on the light reflecting film. The color filter can include a partitioning member, which 
divides the surface of the substrate into a plurality of sections, and subpixels, which are 
individually formed in the sections, and openings are formed in the light reflecting film at 
regions corresponding to thickest parts of the subpixels. 

[0008] The partitioning member may be formed by, for example, applying an irik- 
repellent resin at a uniform thickness by a knovm deposition method, for example, spin 
coating, and forming a predetermined pattern by a known patterning method, for example, 
photolithography. In addition, the above-described subpixels are formed by, for example, an 
inkjet method, that is, by ejecting, in the form of drops, a subpixel material firom nozzles of 
an inkjet head toward the sections devided by the partitioning menmiber. 

[0009] In the liquid crystal device according to the first aspect of the present 
invention, as shown in Fig. 5, openings 18 are formed in a light reflecting film 9 at regions 
corresponding to thickest parts of subpixels 16. Thus, in the reflective display mode, light 
that passes through the subpixels 1 6 to and from the light reflecting film 9 at parts excluding 
the thickest "parts of the subpixels 16, as shovm by the arrow XO, is used for color display. In 
addition, in the transmissive display mode, light that passes through the subpixels 16 at 
thickest parts thereof, as shown by the arrow XI, is used for color display. 

[0010] Accordingly, light that is transmitted through the subpixels 16 once at the 
thickest parts thereof is used in the transmissive display mode, and light that is transmitted 
through the subpixels 16 twice at relatively thin parts thereof is used in the reflective display 
mode. Accordingly, the optical thickness in the reflective display mode and that in the 
transmissive display mode can be made close or approximately the same, so that color 
display can be made uniform between the reflective display mode and the transmissive 
display mode. 

[0011] According to a second aspect of the present invention, a liquid crystal device 
can include a pair of substrates which sandwich liquid crystal, a light reflecting film formed 
on at least one of the substrates, and a color filter formed on the light reflecting film. The 
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color filter can include a partitioning member, which divides the surface of the substrate into 
a plurality of sections, and subpixels, which are individually formed in the sections, and 
openings are formed in the light reflecting film at regions corresponding to central parts of 
the sections. 

[0012] The partitioning member may be formed by, for example, applying an ink- 
repellent resin at a uniform thickness by a knovm deposition method, for example, spin 
coating, and forming a predetermined pattern by a known patterning method, for example, 
photolithography. In addition, the above-described subpixels are formed by, for example, the 
inkjet method, that is, by ejecting, in the form of drops, a subpixel material from nozzles of 
an inkjet head toward the sections. 

[0013] As shown in Fig. 5(a) and Fig. 5(c), in the case in which the subpixels 1 6 are 
formed by the inkjet method, the subpixels 16 tend to swell upward at central regions of the 
sections divided by a partitioning member 14. Accordingly, when the openings 18 are formed 
in the light reflecting film 9 at regions corresponding to the central parts of the sections 
divided by the partitioning member 14, the optical thickness in the reflective display mode 
and that in the transmissive display mode can be made close or approximately the same. 
Thus, color display can be made uniform between the reflective display mode and the 
transmissive display mode. 

[0014] According to a third aspect of the present invention, a liquid crystal device 
can include a pair of substrates which sandvvdch liquid crystal, a light reflecting film formed 
on at least one of the substrates, and a color filter formed on the light reflecting fihn. The 
color filter can include a partitioning member, which divides the surface of the substrate into 
a plurality of rectangular sections, and subpixels, which are individually formed in the 
rectangular section, and openings are formed in the light reflecting film in such a manner that 
the openings extend in the longitudinal direction of the rectangular sections. 

[0015] The partitioning member may be formed by, for example, applying an ink- 
repellent resin at a uniform thickness by a knovm deposition method, for example, spin 
coating, and forming a predetermined pattern by a known patterning method, for example, 
photolithography. In addition, the above-described subpixels are formed by, for example, the 
inkjet method, that is, by ejecting, in the form of drops, a subpixel material from nozzles of 
an inkjet head toward the sections. 

[0016] Generally, in order to realize color display, especially full-color display, a 
unit including R, G, and B subpixels functions as a pixel, and a fiiU-color image is displayed 
by controlling the color illuminated in each pixel. The R, G, and B subpixels are often 



formed in a rectangular shape. In such a case, as shown in Fig. 5(b), *e partitioning nnember 
H forms a plurality ot rectangular sections, and the subpixels 16 are individually formed m 

the sections. 

10017] In the case in which the subpixels 1 6 are formed in the rectangular shape as 
seen from top, the openings 1 8 are preferably formed in a rectangular shape that extends in 
the longitudinal direction of the subpixels 16. Accordingly, in the transmissive display mode, 
sufficient amount of light that is unifom. in the longitudinal direction of the subpixels 16 can 
be supplied to the subpixels 16, so that unifomi color display can be realized. 

100181 According to a fourth aspect of the present invention, a Uquid crystal device 
can include a pair of substrates which sandwich liquid crystal, a light reflecting fihn formed 
on at least one of the substrates, and a color filter fomied on the light reflecting film. The 
color filter car. include a partitioning member, which divides the surface of the substrate into 
a plurality of sections, and subpixels, which are individually formed in the sections, and 
openings are fomied in the light reflecting film in such a manner that the openings have a 
shape corresponding to the thickness distribution of the subpixels. 

100191 The partitioning member may be formed by, for example, applying an ink- 
repellent resin at a uniform thickness by a known deposition method, for example, spin 
coating and forming a predetemiined pattern by a known patteming method, for example, 
photomhography. In addition, the above-described subpixels are fomied by, for example, the 
inkjet method, that is, by ejecting, in the fomi of drops, a subpixel material from nozzles of 

an inkjet head toward the sections. 

100201 In the case in which the subpixels are formed by supplying ink, that is, a 
subpixel material to the sections divided by the partitioning member, the thickness of the 
subpixels may not be unifonn. For example, as shown in Fig. 5(a) and Fig. 5(c), the 
subpixels 1 6 may be formed in a convex shape, in other words, shaped like a dome. When 
the thickness of the subpixels 16 is not unifom., the openings 1 8 are preferably fomied only 
at regions corresponding to the parts of the subpixels 16 where the thickness thereof is larger 
than a reference value TO. Accordingly, the color display can be made more unifomi betvveen 
the reflective display mode and the transmissive display mode. 

100211 In the case in which the openings are formed in the light reflecting film in 
the shape corresponding to the thickness distribution of the subpixels, the shape of the 
openings is effectively detemiined utilizing light interference fringes. More specifically, as 
shown in Fig. 8(a), natural Hght RO is radiated on the subpixel 16, and light reflected form the 
light reflecting film 9 is photographed by a camera 30. Then, when the photographed image 



is displayed, interference fringes F, which are schematically shown in Fig. 8(b), are obtained 
in accordance with the thickness distribution of the subpixel 16. The interference fringes F 
can be assumed as contour lines of the subpixel 16. Accordingly, when the openings 18 are 
formed in the light reflecting film in the shape of one of the interference fringes F which axe 
selected, the openings having a shape that accurately corresponds to the thickness distribution 

of the subpixels can be obtained. 

[0022] In the liquid crystal device according to one of the above-described first to 
fourth aspects of the present invention, the openings preferably have a planner shape such 
that the comers thereof are cut off. For example, the comers of the openings may be formed 
as beveled comers Ml shown in Fig. 6(b), rounded comers M2 shown in Fig. 7(b). 

[0023] The subpixels formed in the sections divided by the partitioning member 
tend to have a convex shape such that the central parts thereof are thick and the peripheral 
parts thereof are thin. In addition, the surfaces of the subpixels are curved in three- 
dimensional space along the diagonal lines of the sections. In such a case, when the comers 
of the openings in the light reflecting film are formed in an angular shape of, for example, 
90°, uniformity of color may be degraded at the comers of the openings. In contrast, when 
the openings have a shape such that the comers thereof are cut off as described above, 
uniform color distribution can be obtained. 

[0024] In addition, in the liquid crystal device according to one of the above- 
described first to fourth aspects of the present invention, the planner shape of opening may 
have a rectangular shape, an oval shape, or an elliptical shape. The elliptical shape is a shape 
in which the comers of a rectangle are rounded in a certain way, and the oval shape is a shape 
excluding the elliptical shape that can also be obtained by rounding the comers of a rectangle. 
When the openings are formed in one of the above-described shapes, color display can be 
made more uniform compared with the case in which the openings are formed in a square 
shape. 

[0025] In addition, in the liquid crystal device according to one of the above- 
described first to fourth aspects of the present invention, the area of a single opening is 5% to 
30%, and preferably about 20% of the area of a single section. When the aperture ratio is in 
the above-described range, satisfactory visibility can be achieved in both the reflective 
display mode and the transmissive display mode. When the aperture ratio is larger than the 
above-described range, display can become unclear since a sufficient amount of reflected 
light cannot be obtained by an illuminating device. When the aperture ratio is smaller than 
the above-described range, the display can become unclear since sufficient illumination 
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cannot be obtained. 

[0026] According to another aspect of the present invention, a manufacturing 
method for a liquid crystal device, in which liquid crystal is sandwiched between a pair of 
substrates, at least one of which includes a color filter, can include forming a light reflecting 
film on one of the substrates, forming a partitioning member which divides the surface of the 
substrate into a plurality of sections, and forming subpixels in the sections divided by the 
partitioning member. The step of forming the subpixels can further include ejecting, in the 
form of drops, a material for forming the subpixels from nozzles toward the sections and the 
step of forming the light reflecting film includes the step of forming openings in the light 
reflecting film at regions corresponding to the sections. 

[0027] In the manufacturing method for the liquid crystal device according to the 
present invention, each subpixel can be formed by the inkjet method. Thus, the relationships 
between the openings formed in the light reflecting film and the subpixels can be individually 
adjusted, so that the colors displayed by the subpixels can be individually and precisely 
adjusted. Accordingly, uniform color display over the display area can be realized. 

[0028] In the manufacturing method for the liquid crystal device according to the 
present invention, the openings can be formed in the light reflecting film at regions 
corresponding to thickest parts of the subpixels in the step of forming the light reflecting film. 
Accordingly, light that is transmitted through the subpixels once at the thickest parts thereof 
is used in the transmissive display mode, and light that is transmitted through the subpixels 
twice at relatively thin parts thereof is used in the reflective display mode. Accordingly, the 
optical thickness in the reflective display mode and that in the transmissive display mode can 
be made closer or approximately the same, so that color display can be made uniform 
between the reflective display mode and the transmissive display mode. 

[0029] In addition, in the manufacturing method for the liquid crystal device 
according to the present invention, the openings are preferably formed in the light reflecting 
film at regions corresponding to central parts of the sections in the step of forming the light 
reflecting film. As shown in Fig. 5(a) and Fig. 5(c), in the case in which the subpixels 1 6 are 
formed by the inkjet method, the subpixels 16 tend to swell upward at central regions of the 
sections divided by the partitioning member 14. Accordingly, when the openings 18 are 
formed in the light reflecting film 9 at regions corresponding to the central parts of the 
sections divided by the partitioning member 14, the optical thickness in the reflective display 
mode and that in the transmissive display mode can be made close or approximately the 



same. Thus, color display can be made uniform between the reflective display mode and the 

transmissive display mode. 

[0030] In addition, in the manufacturing method for the liquid crystal device 
according to the present invention, the surface of the substrate may be divided into a plurality 
of rectangular sections in the step of forming the partitioning member. In such a case, the 
openings are preferably formed in the light reflecting film in such a manner that the openings 
extend in the longitudinal direction of the rectangular sections in the step of fonning the light 
reflecting film. Accordingly, in the transmissive display mode, a sufficient amount of light 
that is uniform in the longitudinal direction of the subpixels can be supplied to the subpixels, 
so that uniform color display can be realized. 

[0031] In addition, in the manufacturing method for the liquid crystal device 
according to the present invention, the openings are preferably formed in the light reflecting 
film in such a manner that the openings have a shape corresponding to the thickness 
distribution of the subpixels in the step of forming the light reflecting film, hi color display, 
density of color is significantly effected by the thickness of the subpixels. Thus, uniformity 
of color density can be degraded when the openings are fonned in-espective of the thickness 
distribution of the subpixels. In contrast, unifonn color display can be obtained when the 
shape of the openings is detennined based on thickness distribution of the subpixels. 

[0032] In addition, in the manufacturing method for the liquid crystal device 
according to the present invention, the openings having a shape such that the comers thereof 
are cut off are preferably formed in the light reflecting film in the step of fonning the light 
reflecting film. The subpixels fonned in sections divided by the partitioning member tend to 
have a convex shape such that the central parts thereof are thick and the peripheral parts 
thereof are thin. In addition, the surfaces of the subpixels are curved in three-dimensional 
space along the diagonal lines of the sections. In such a case, when the comers of the 
openings are fonned in an angular shape of. for example, 90°, uniformity of color may be 
degraded at the comers of the openings. In contrast, when the openings have a shape such 
that the comers thereof are cut off as described above, uniform color distribution can be 
obtained. 

[0033] In addition, in the manufacturing method for the Hquid crystal device 
according to the present invention, the planner shape of opening having a rectangular shape, 
an oval shape, or an elliptical shape are preferably fonned in the light reflecting film in the 
step of fonning the light reflecting film. The elliptical shape is a specific shape in which the 
comers of a rectangle are rounded in a certain way, and the oval shape is a shape excluding 
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the elliptical shape that can also be obtained by rounding the comers of a rectangle. When 
the openings are formed in one of the above-described shapes, color display can be made 
more uniform compared with the case in which the openings are formed in a square shape. 

[0034] In addition, in the manufacturing method for the liquid crystal device 
according to the present invention, the openings are preferably formed in the light reflecting 
film in such a manner that the area of a single opening is 5% to 30%, and preferably about 
20% of the area of a single section in the step of forming the light reflecting film. When the 
aperture ratio is in the above-described range, satisfactory visibility can be ensured in both 
the reflective display mode and the transmissive display mode. When the aperture ratio is 
larger than the above-described range, display becomes unclear since a sufficient amount of 
reflected light cannot be obtained. When the aperture ratio is smaller than the above- 
described range, the display becomes unclear since sufficient illumination cannot be obtained 
by an illuminating device. 

[0035] In the liquid crystal device according to the present invention, the subpixels 
may be formed in a convex shape such that the central parts thereof swell upward. 

[0036] In the manufacturing method for the liquid crystal device according to the 
present invention, the subpixels may be formed in a convex shape such that the central parts 
thereof swell upward. 

[0037] According to another aspect of the present invention, a liquid crystal device 
comprises a pair of substrates which sandwich liquid crystal; a light reflecting film formed on 
at least one of the substrates; and a color filter formed on the light reflecting film. The color 
filter can include a partitioning member, which divides the surface of the substrate into a 
plurality of sections, and subpixels, which are individually formed in the sections. The 
subpixels are formed in a concave shape such that the central parts thereof are hollow, and 
openings are formed in the light reflecting film at regions corresponding to thickest parts of 
the subpixels. 

[0038] According to another aspect of the present invention, a liquid crystal device 
can include a pair of substrates which sandwich liquid crystal, a light reflecting film formed 
on at least one of the substrates, and a color filter formed on the light reflecting film. The 
color filter includes a partitioning member, which divides the surface of the substrate into a 
plurality of sections, and subpixels, which are individually formed in the sections. The 
subpixels are formed in a concave shape such that the central parts thereof are hollow, and 
openings are formed in the light reflecting film at regions corresponding to part of peripheral 
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parts of the sections in such a manner that the peripheral parts of the sections are partly or 
entirely covered by the openings. 

[0039] According to another aspect of the present invention, a liquid crystal device 
can include a pair of substrates which sandwich liquid crystal, a light reflecting film formed 
on at least one of the substrates, and a color filter formed on the light reflecting film. The 
color filter includes a partitioning member, which divides the surface of the substrate into a 
plurality of rectangular sections, and subpixels, which are individually formed in the 
rectangular sections. The subpixels are formed in a concave shape such that the central parts 
thereof are hollow, and, and openings are formed in the light reflecting film in such a manner 
that the openings extend in the longitudinal direction or the lateral direction of the rectangular 
sections at regions corresponding to peripheral parts of the rectangular sections. 

[0040] According to another aspect of the present invention, a liquid crystal device 
can include a pair of substrates which sandwich liquid crystal, a light reflecting film formed 
on at least one of the substrates, and a color filter formed on the light reflecting film. The 
color filter includes a partitioning member, which divides the surface of the substrate into a 
plurality of sections, and subpixels, which are individually formed in the sections. The 
subpixels are formed in a concave shape such that the central parts thereof are hollow, and 
openings are formed in the light reflecting film in such a marmer that the openings have a 
shape corresponding to the thickness distribution of the subpixels. 

[0041] In the manufacturing method for the liquid crystal according to the present 
invention, the subpixels may be formed in a concave shape such that the central parts thereof 
are hollow in the step of forming the subpixels, and the openings may be formed in the light 
reflecting film at regions corresponding to thickest parts of the subpixels in the step of 
forming the light reflecting film. 

[0042] In addition, in the manufacturing method for the liquid crystal device 
according to the present invention, the subpixels may be formed in a concave shape such that 
the central parts thereof are hollow in the step of forming the subpixels, and the openings 
may be formed in the light reflecting film at regions corresponding to peripheral parts of the 
sections in such a manner that the peripheral parts of the sections are partly or entirely 
covered by the opening in the step of forming the light reflecting film. 

[0043] In addition, in the manufacturing method for the liquid crystal device 
according to the present invention, the subpixels may be formed in a concave shape such that 
the central parts thereof are hollow in the step of forming the subpixels, and the openings 
may be formed in the light reflecting film at regions corresponding to peripheral parts of the 
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rectangular sections in such a manner that the openings extend in the longitudinal direction or 
the lateral direction of the rectangular sections in the step of forming the light reflecting film. 

[0044] In addition, in the manufacturing method of the liquid crystal device 
according to the present invention, the subpixels may be formed in a concave shape such that 
the central parts thereof are hollow in the step of forming the subpixels, and the openings 
may be formed in the light reflecting film in such a manner that the openings have a shape 
corresponding to the thickness distribution of the subpixels in the step of fomiing the Ught 
reflecting film. 

[0045] According to another aspect of the present invention, an electronic device 
comprises a liquid crystal device which is constructed as described above and a housing 
which contains the liquid crystal device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0046] The present invention will be described with reference to the accompanying 
drawing, wherein like numbers reference like elements, and wherein: 

Fig. 1 is an exploded perspective view showing an embodiment of a liquid crystal 
device according to the present invention; 

Fig. 2 is a sectional view of the liquid crystal device shown in Fig. 1 taken along line 

W; 

Fig. 3 is an enlarged view of a part shown by the arrow D in Fig. 1 ; 

Fig. 4 is a schematic representation showing patterns in which subpixels are arranged 

in a color filter; 

Fig. 5 is a schematic representation showing an example of a construction of a single 
pixel in a color filter, where (a) is a sectional view of subpixels taken along the lateral 
direction thereof, (b) is a plan view of the subpixels, and (c) is a sectional view of one of the 
subpixels taken along the longitudinal direction thereof; 

Fig. 6 is a schematic representation showing another example of a construction of a 
single pixel in a color filter, where (a) is a sectional view of subpixels taken along the lateral 
direction thereof, (b) is a plan view of the subpixels, and (c) is a sectional view of one of the 
subpixels taken along the longitudinal direction thereof; 

Fig. 7 is a schematic representation showing another example of a construction of a 
single pixel in a color filter, where (a) is a sectional view of subpixels taken along the lateral 
direction thereof, (b) is a plan view of the subpixels, and (c) is a sectional view of one of the 
subpixels cut along the longitudinal direction thereof; 

Fig. 8 is a schematic representation showing an example of a manner in which the 
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color filter is formed, where (a) shows an example of a measurement system for obtaining 
interference fringes, and (b) is the interference fringes obtained by the measurement system; 

Fig. 9 is a flowchart showing an embodiment of a liquid crystal device manufacturing 
method according to the present invention; 

Fig. 10 is a schematic representation showing mother substrates formed in one of the 
processes shown in Fig. 9; 

Fig. 1 1 is a flowchart showing a process of forming a color filter, which is one of the 

processes shown in Fig. 9; 

Fig. 12 is a perspective view showing an inkjet device used in one of the processes 

shown in Fig. 1 1 ; 

Fig. 13 is an enlarged perspective view of a major part of the inkjet device shown in 
Fig. 12; 

Fig. 14 is a schematic representation showing an example of an inkjet head used in the 
inkjet device shown in Fig. 12 and head chips included in the inkjet head; 

Fig. 15 is a perspective view showing a modification of the head chip included in the 
inkjet head; 

Fig. 16 is a schematic representation showing an internal structure of the head chip 
included in the inkjet head, where (a) is a partially broken perspective view of the head chip 
and (b) is a sectional view of (a) taken along line J-J; 

Fig. 17 is a block diagram showing an electrical control system used in the inkjet 
device shown in Fig. 12; 

Fig, 1 8 is a flowchart showing a control process implemented by the control system 

shown in Fig. 17; 

Fig. 19 is a schematic representation showing a process of forming a color filter, 
which is a main process of the liquid crystal device manufacturing method according to the 
embodiment; 

Fig. 20 is a schematic representation showing a process of forming a color filter, 
which is a main process of a liquid crystal device manufacturing method according to another 
embodiment; 

Fig. 21 is a schematic representation showing a process of forming a color filter, 
which is a main process of a liquid crystal device manufacturing method according to another 
embodiment; 

Fig. 22 is a schematic representation showing another example of a construction of a 
single pixel in a color filter, where (a) is a sectional view of subpixels taken along the lateral 
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direction thereof, (b) is a plan view of the subpixels, and (c) is a sectional view of one of the 
subpixels taken along the longitudinal direction thereof; 

Fig. 23 is a schematic representation showing another example of a construction of a 
single pixel in a color filter, where (a) is a sectional view of subpixels taken along the lateral 
direction thereof, (b) is a plan view of the subpixels, and (c) is a sectional view of one of the 
subpixels taken along the longitudinal direction thereof; 

Fig. 24 is a schematic representation showing another example of a construction of a 
single pixel in a color filter, where (a) is a sectional view of subpixels taken along the lateral 
direction thereof, (b) is a plan view of the subpixels, and (c) is a sectional view of one of the 
subpixels taken along the longitudinal direction thereof; 

Fig. 25 is a schematic representation showing another example of a construction of a 
single pixel in a color filter, where (a) is a sectional view of subpixels taken along the lateral 
direction thereof, (b) is a plan view of the subpixels, and (c) is a sectional view of one of the 
subpixels taken along the longitudinal direction thereof; 

Fig. 26 is a perspective view showing an embodiment of an electronic device 
according to the present invention; 

Fig. 27 is a perspective view showing another embodiment of an electronic device 
according to the present invention; and 

Fig. 28 is a front view showing another embodiment of an electronic device according 
to the present invention. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
[0047] The present invention will be explained below in conjunction with 
embodiments. Fig. 1 is an exploded view showing an embodiment of a liquid crystal device 
according to the present invention, and Fig. 2 is a sectional view of the liquid crystal device 
shown in Fig. 1 taken along line I-L A liquid crystal device 1 of the present embodiment is 
an active matrix liquid crystal device using Thin Film Diodes (TFDs), which are two-terminal 
switching elements, as active elements. In addition, the liquid crystal device 1 is also a 
transflective liquid crystal device having both functions of reflective display and transmissive 
display, and a Chip On Glass (COG) type liquid crystal device in which an IC chip is directly 
mounted on a substrate. 

[0048] With reference to Fig. 1, a liquid crystal panel 2 can be formed by 
laminating a first substrate 3a and a second substrate 3b with an annular sealing member 4. 
Then, liquid crystal L is injected into a gap, that is, a so-called cell gap, formed between the 
first and second substrates 3a and 3b. Then, liquid crystal driving ICs 6a and 6b are mounted 
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on the first and second substrates 3a and 3b, respectively, and an illuminating device 7 is 
disposed at the side opposite to the observer's side, that is, outside the first substrate 3a in the 
present embodiment, as a backlight. The liquid crystal device 1 is thus constructed. 

[00491 The liquid crystal driving ICs 6a and 6b are mounted using, for example. 
Anisotropic Conductive Films (ACFs). In addition, liquid crystal L is injected into the cell 
gap through an opening 4a formed in the sealing member 4 at a suitable position for passing 
the liquid crystal L therethrough. After the liquid crystal L is injected, the opening 4a is 

sealed by a resin, etc. 

[0050] As shown in Fig. 2, the first substrate 3a can include a first base plate 8a 
formed of glass, plastic, etc., having a rectangular shape when viewed along the anrow B. In 
addition, a light reflecting film 9, a color filter 1 1 , first electrodes 12a, and an alignment film 
13a are formed on the inside surface of the first base plate 8a (the upper surface in Fig. 2), in 
that order. In addition, a polarizing plate 19a is laminated on the outside surface of the first 
base plate 8a. 

10051] As shown in Fig. 5(a), the color filter 1 1 can include a bank 14 which is 
formed on the light reflecting film 9 in a matrix pattern as seen form the arrow C and which 
serves as a partitioning member, a plurality of subpixels 1 6 which are individually disposed 
in the plurality of sections formed by the bank 14, and protecting films 1 7 which are 
individually formed on the subpixels 16. In the present embodiment, the subpixels 16 and the 
protecting films 17 are both formed by an Inkjet method, which will be described below. 

[00521 Although Fig. 5 shows enlarged views of only some of the subpixels 1 6 
(substantially three), the color filter 1 1 is constructed such that a large number of subpixels 
16 are arranged in the longitudinal and lateral directions to form a matrix pattern when 
viewed along the arrow C. Each of the subpixels 16 fiinctions as a dot for displaying an 
individual color, and a group consisting of three subpixels (a red subpixel 16R, a green 
subpixel 16G, and a blue subpixel 16B) form a single pixel. 

[00531 As shown in Fig. 5(a) and Fig. 5(c), which are sectional views of the 
subpixels 16, each of the subpixels 16 is formed in a convex shape in which the highest part 
is at the center P, in other words, shaped like a dome. Conceivably, this shape is naturally 
formed when the subpixels 16 are formed by the Inkjet method, that is, when a subpixel 
material is ejected toward the sections in the form of drops. 

[00541 The subpixels 1 6 can be divided into red subpixels 1 6R, green subpixels 
16G, and blue subpixels 16B, and are arranged in, for example, a striped pattern (Fig. 4 (a)), a 
moslic pattern (Fig. 4 (b)), a deltoid pattern (Fig. 4 (c)), etc. In the striped pattern, subpixels 
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16 of the same color are arranged in a line. In the mosaic pattern, three successive subpixels 
16 correspond to R, G, and B both in the longitudinal and lateral directions. In the dehoid 
pattern, the subpixels 16 are arranged in a staggered manner such that three adjacent pixels 

correspond to R, G, and B. 

[0055] With reference to Fig. 5 (a), in the present embodiment, the bank 14 is 
formed by applying a nontransparent resin by a suitable coating method, for example, spin 
coating, and forming a pattern by a suitable patterning method, for example, 
photolithography. Since the bank 14 is formed of a nontransparent resin, the bank 14 also 
functions as a black mask which prevents light from leaking from the color filter 11. Of 
course, an additional black mask may also be disposed under the bank 14. 

[0056] The protecting films 1 7 are normally formed of a transparent resin material, 
and can function, for example, as follows. Firstly, the surface of the color filter substrate can 
be flattened by forming the protecting films 17, so that electrodes can be prevented from 
being cut in the process of fonning the electrodes on the surface of the color filter substrate. 
Secondly, the resistances of the electrodes fornied on the protecting films 17 can be reduced, 
so that the contrast ratio between the pixels can be increased. Thirdly, the protecting films 17 
can serve as protectors; more specifically, the protecting films 17 prevent the pixels formed 
in the color filter substrate from being damaged in processes performed after the protecting 
films 17 are formed. Fourthly, when the color filter substrate is installed in the liquid crystal 
device and liquid crystal is injected into the cell gap, the protecting films 17 prevent 
impurities from being diffused into the liquid crystal. 

10057] With reference to Fig. 1 , the light reflecting film 9 can be formed by 
applying a light reflecting metal material such as Al, Ag, etc., and alloys thereof, at a uniform 
thickness by a suitable deposition method, for example, sputtering, and forming a pattern by a 
suitable patterning method, for example, photolithography. In the patterning process, 
openings 1 8 are formed in the light reflecting film 9 at regions for forming the subpixels, that 
is, positions conesponding to the individual sections formed by the bank 14. 

[00581 As shown in Figs. 5(a) to 5(c), in the present embodiment, the openings 1 8 
are individually foraied at central regions P of the sections formed by the bank 14, that is, 
regions corresponding to the thickest parts of the subpixels 1 6. In addition, as shown in Fig. 
5 (b), in the present embodiment, each of the openings 18 is formed in a rectangular shape 
that extends in the longitudinal direction of each subpixel 16. 

[0059] With reference to Fig. 2, the first electrodes 12a are formed in a striped 
pattern when viewed along the arrow B. In Figs. 1 and 2, a small number of first electrodes 
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12a with broad gaps therebetween are shown in order to facilitate the understanding of the 
pattern of the first electrodes 12a, however, in practice, a large number of first electrodes 12a 
are formed with extremely narrow gaps therebetween. The first electrodes 12a are formed by 
applying, for example. Indium Tin Oxide GTO) at a uniform thickness by a suitable 
deposition method, for example, sputtering, and forming a predetermined pattern such as the 
striped pattern, etc., by a suitable patterning method, for example, photolithography. 

[00601 In Fig. 1 , the first electrodes 1 2a are formed so as to extend beyond the 
sealing member 4, so that the first electrodes 12a can be electrically connected to output 
bumps, that is, output terminals, of the Liquid crystal driving IC 6a. The Liquid crystal 
driving IC 6a supplies the first electrodes 12a with scanning signals or data signals. 

[0061] The alignment film 1 3a is formed by, for example, applying a polyimide 
solution and baking it. The alignment film 13a is subjected to an alignment process, for 
example, a rubbing process, which determines the alignment of liquid crystal molecules in 
the liquid crystal L at the region close to the surface of the first substrate 3 a. 

[00621 In Fig. 1 , the second substrate 3b includes a second base plate 8b formed of 
glass, plastic, etc., having a rectangular shape, and a plurality of second electrodes 12b are 
formed on the inside surface of the second base plate 8b (the lower surface in Fig. 1) in a 
matrix pattern. Although the second electrodes 12b are schematically shown in Fig. 1 at a 
large size in order to facilitate the understanding thereof, it should be understood that in 
practice, a large number of extremely small second electrodes 12b can be formed. 

[0063] Fig. 3 is an enlarged view of a part of the second substrate 3b shown by the 
arrow D in Fig. 1 • With reference to Fig. 3, an electrical line 21 , TFD units 22 which extend 
from the electrical line 21 and which function as switching elements, and second electrodes 
12b which are connected to the electrical line 21 via the TFD units 22 are formed on the 
inside surface of the second base plate 8b. As shown in Fig. 1, the second electrodes 12b are 
arranged in a dot-matrix pattern as described above. 

[0064] Processes for forming the above-described components will be described 
below. First, a first layer 21a of the electrical line 21 and first metal films 22a of the TFD 
units 22 are fonned by applying, for example. Tantalum (Ta) at a uniform thickness by 
sputtering and forming a pattern of the first layer 21a and the first metal films 22a. Then, a 
second layer 21b is fonned on the first layer 21a of the electrical line 21 and insulating films 
22b are formed on the first metal films 22a of the TFD units 22 by an anodizing process. 
Then, a third layer 21c is formed on the second layer 21b of the electrical line 21 and second 
metal films 22c are formed on the insulating films 22b of the TFD units 22 by applying, for 
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example, chromium (Cr) at a unifomi thickness by sputtering and forming a pattern of the 
third layer 21c and the second metal films 22c. There are two kinds of second metal films 
22c: one kind of second metal film 22c extends from the electrical line 21 and overlaps the 
insulating films 22b and the other kind of second metal film 22c connects the insulating films 
22b and the second electrodes 12b. 

10065] Accordingly, each of the TFD units 22 includes a first TFD element 23a at 
the side close to the electrical line 21 and a second TFD element 23b at the side close to the 
second electrodes 12b. The first TFD element 23a has a Metal-Insulator-Metal (MIM) 
structure in which the second metal film 22c, the insulating film 22b, and the first metal film 
22a are laminated in that order from the electrical line 21 . In addition, the second TFD 
element 23b has a Metal-Insulator-Metal (MIM) structure in which the first metal film 22c, 
the insulating film 22b, and the second metal film 22c are laminated in that order from the 
electrical line 21. 

[0066] The above-described structure of the TFD units 22, in which two TFD 
elements are serially connected in an electrically reversed manner, is called a "back-to-back" 
stracture, and is used to obtain stable switching characteristics. In the case in which the 
required stability of the switching characteristics is not very high, a TFD unit constructed of a 
single TFD element may also be used in place of the TFD element having the back-to-back 
structure. 

[0067] The second electrodes 12b, which are individually cormected to the second 
metal films 22c of the second TFD elements 23b, can be formed by applying, for example, 
ITO, at a uniform thickness by a suitable deposition method, for example, sputtering, and 
forming a pattern by a suitable patteming method, for example, photolithography. With 
reference to Fig. 1, the first electrodes 12a can be arranged on the first substrate 3a, which 
opposes the second substrate 3a, in a direction such that the first electrodes 12a cross the 
electrical line 21 shown in Fig. 3, for example, in the direction perpendicular to the electrical 
line 21. 

[0068] With reference to Fig. 2, an alignment film 1 3b is formed on the second 
electrodes 12b. Although the second electrodes 12b having a relatively large size are 
schematically shown in Fig. 2 in order to facilitate the understanding thereof, in practice, a 
large number of extremely small second electrodes 12b are formed. The alignment film 1 3b 
is formed by, for example, applying a polyimide solution and baking it. The alignment film 
13b is subjected to an alignment process, for example, a rubbing process, which determines 
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the alignment of the liquid crystal molecules in the liquid crystal L at the region close to the 
surface of the second substrate 3b, 

[0069] A polarizing plate 19b can be laminated on the outside surface of the second 
base plate 8b. The polarizing plate 19b is aligned such that the polarization axis thereof is at 
a predetermined angle relative to the polarization axis of the polarizing plate 19a formed on 
the first substrate 3a. 

[0070] In Fig. 1, the electrical lines 21 are formed on the second substrate 3b so as 
to extend beyond the sealing member 4, so that the electrical lines 21 can be electrically 
connected to output bxmips, that is, output terminals, of the Liquid crystal driving IC 6b. One 
of the scanning signals and data signals is supplied to the first electrodes 12a by the liquid 
crystal driving IC 6a, and the other one of the scanning signals and data signals is supplied to 
the TFD units 22 by the liquid crystal driving IC 6b via the electrical lines 21. 

[0071] With reference to Fig. 1, the illxmiinating device 7, which is disposed at the 
rear side of the first substrate 3a, that is, the side opposite to the observer's side, includes a 
transparent plate 24 and a plurality of (for example, three) LEDs 26, which serve as light 
sources. The transparent plate 24 has approximately the same area as the first substrate 3a, 
and the LEDs 26 are disposed such that the LEDs 26 oppose a light entrance 24a, which is 
one of the side surfaces of the transparent plate 24. The transparent plate 24 is formed of 
acrylic resin, polycarbonate resin, glass, etc. Light incident from the light entrance 24a is 
transmitted through the light entrance 24a, is uniformly emitted via a light exit surface 24b, 
which faces the liquid crystal panel 2, and is supplied to the liquid crystal panel 2. 

[0072] With reference to Fig. 2, the first substrate 3a and the second substrate 3b 
are laminated by the sealing member 4. The cell gap formed between the first and the second 
substrates 3a and 3b is maintained by spacers 27, which are sprayed over one of the first and 
second substrates 3a and 3b, and the liquid crystal L is injected into the cell gap. Twisted 
Nematic (TN) liquid crystal, for example, is used as the liquid crystal L. 

[0073] The liquid crystal device 1 of the present embodiment is constructed as 
described above. When the liquid crystal device 1 serves as a reflective liquid crystal device, 
external light incident from the outside of the first substrate 3b of an observer in Fig.2, such 
as sunlight, room light, etc., is transmitted through the liquid crystal L, reflected at the light 
reflecting film 9, and supplied to the liquid crystal L. 

[0074] When the liquid crystal device 1 serves as a transmissive liquid crystal 
device, light is emitted from the LEDs 26, which are included in the illuminating device 7, is 
incident on the transparent plate 24 via the light entrance 24a, and is uniformly emitted via 
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the light exit surface 24b. Then, the light emitted from the transparent plate 24 is transmitted 
through the openings 18 formed in the light reflecting film 9, and is supplied to the liquid 
crystal L. 

[0075] In both cases, that is, in the reflective display and the transmissive display, 
voltages are applied between the first electrodes 12a which sandwich the liquid crystal L and 
the second electrodes 12b, which oppose each other, in accordance with switching operations 
of the TFD units 22. Thus, the alignment of the liquid crystal molecules is controlled. Light 
supplied to the liquid crystal L is modulated in accordance wdth the above-described 
alignment control, and is divided into polarized light that passes through the polarizing plate 
19b and polarized light that cannot pass through the polarizing plate 19b. Accordingly, an 
image is displayed at the observer's side. At this time, a desired color of R, G, or B can be 
displayed by allowing light to pass through the subpixel corresponding to that color. 

[0076] In the present embodiment, as shown in Fig. 5(a) to (c), the openings 18 are 
formed in the light reflecting film 9 at regions corresponding to the thickest parts of the 
subpixels 16. Thus, in the reflective display mode, light that passes through the subpixels 16 
to and from the light reflecting film 9 at parts excluding the thickest parts of the subpixels 16, 
as shown by the arrow XO, is used for color display. In addition, in the transmissive display 
mode, light that passes through the subpixels 16 at the thickest parts thereof, as shown by the 
arrow XI, is used for color display. 

[00771 Accordingly, light that is transmitted through the subpixels 16 once at the 
thickest parts thereof is used in the transmissive display mode, and light that is transmitted 
through the subpixels 16 twice at relatively thin parts thereof is used in the reflective display 
mode. Accordingly, the optical thickness in the reflective display mode and that in the 
transmissive display mode can be made close or approximately the same, so that color 
display can be made uniform between the reflective display mode and the transmissive 
display mode. 

[0078] As shown in Fig. 5(a) and Fig. 5(c), in the case in which the subpixels 1 6 are 
formed by the inkjet method (which will be described in greater detail below), the subpixels 
16 tend to swell upward at the central regions of the sections formed by the bank 14. 
Accordingly, when the openings 1 8 are formed in the light reflecting film 9 at regions 
corresponding to the central parts of the sections divided by the bank 14, the optical thickness 
in the reflective display mode and that in the transmissive display mode can be made close or 
approximately the same. Thus, uniform color can be made uniform between the reflective 
display mode and the transmissive display mode. 
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10079] In addition, in the present embodiment, a plurality of rectangular sections 
are formed by the bank 14, as shown in Fig. 5(a) to (c), and the subpixels 16 are individually 
formed in the rectangular sections. In addition, the openings 1 8 formed in the light reflecting 
film 9 have a rectangular shape that extends in the longitudinal direction of the rectangular 
sections. Accordingly, in the transmissive display mode, sufficient amount of light that is 
uniform in the longitudinal direction of the subpixels 16 can be supplied to the subpixels 16, 
so that uniform color display can be realized. 

[00801 Fig. 6 shows a modification of the openings 1 8 formed in the light reflecting 
film 9. The openings 1 8 shown in Fig. 6 are the same as the openings 1 8 shown in Fig. 5 
according to the above-described embodiment except that four comers of the openings 1 8 are 
beveled In order to form the openings 1 8 having beveled comers Ml , a photomask that has 
a pattern including comers corresponding to the above-described beveled comers Ml is used 
in the process of forming a pattern on the light reflecting film 9 by a suitable patterning 
method, for example, photolithography. 

[00811 Since the openings 1 8 having the beveled comers Ml are formed, light can 
be supplied in accordance with the thickness distribution of the subpixels 16, which is curved 
along the diagonal line of each section formed by the bank 14. Accordingly, uniform color 

display can be realized. 

[00821 Fig. 7 shows another modification of the openings 1 8 formed in the light 
reflecting film 9. The openings 18 shown in Fig. 7 are the same as the openings 18 shown in 
Fig. 5 according to the above-described embodiment except that the four comers of the 
openings 18 are rounded. Similarly to the modification shown in Fig. 6, in order to form the 
openings 1 8 having rounded comers M2, a photomask that has a pattern including comers 
corresponding to the above-described rounded corners M2 is used in the process of forming a 
pattem on the light reflecting film 9 by a suitable patteming method, for example, 
photolithography. 

[00831 Similarly to the modification shown in Fig. 6, since the openings 1 8 having 
the rounded comers M2 are formed, light can be supplied in accordance vsath the thickness 
distribution of the subpixels 16, which is curved along the diagonal line of each section 
formed by the bank 14. Accordingly, uniform color display can be realized. 

[00841 The planar shape of the openings 1 8, which are in the light reflecting film 9 
such that the openings 1 8 individually correspond to the subpixels 1 6, may also have shapes 
other than the rectangular shape (Fig. 5(b)), the rectangular shape with beveled comers Ml 
(Fig. 6(b)), and the rectangular shape with rounded comers M2 (Fig. 7(b)). For example, the 
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planar shape of the openings 18 may be an oval shape, which can be obtained by changing 
the dimension of the rounded comers M2 shown in Fig. 7(b), an elliptical shape, etc. 

[0085] Fig. 8 is a diagram showing another method for detennining the shape of the 
openings 18 shown in Fig. 5. This method will be described below. 

[0086] In the case in which the subpixels 1 6 are formed by supplying ink or a 
subpixel material to the sections fonned by the bank 14 by the inkjet method, the thickness of 
the subpixels 1 6 may not be unifonn. For example, as shown in Fig. 5(a) and Fig. 5(c), the 
subpixels 16 may be formed in a convex shape, in other words, shaped like a dome. When 
the thickness of the subpixels 16 is not unifonn, the openings 18 are preferably fonned in the 
light reflecting film at regions corresponding to the parts of the subpixels 16 where the 
thickness thereof is larger than a reference value TO. Accordingly, the color display can be 
made more unifonn between the reflective display mode and the transmissive display mode. 

[0087] In the case in which the openings 1 8 are formed in the light reflecting film 9 
in the shape corresponding to the thickness distribution of the subpixels 16, the shape of the 
openings 18 is effectively detennined utilizing light interference fringes. More specifically, 
as shown in Fig. 8(a), natural light RO is radiated on the subpixel 16, and light reflected form 
the light reflecting film 9 is captured by a camera 30. Then, when the captured image is 
displayed, interference fringes F, which are schematically shown in Fig. 8(b), are obtained in 
accordance with the thickness distribution of the subpixel 16. The interference fringes F can 
be regarded as contour lines of the subpixel 16. Accordingly, when the openings are formed 
in the light reflecting film in the shape of one of the interference fiinges F, the openings 
having a shape that accurately corresponds to the thickness distribution of the subpixels can 
be obtained. 

[0088] The aperture ratio of the openings 1 8 is set in the range of 5% to 30%, and is 
preferably set to 20%. The aperture ratio is the ratio of the area of a single opening 18 to the 
area of a single section fonned by the bank 14, that is, the area of a single subpixel 16. 

[0089] When the aperture ratio is in the above-described range, satisfactory 
visibility can be ensured in both the reflective display mode and the transmissive display 
mode. When the aperture ratio is larger than the above-described range, display becomes 
unclear since a sufficient amount of reflected light cannot be obtained. When the aperture 
ratio is smaller than the above-described range, the display becomes unclear since sufficient 
illumination cannot be obtained by an illuminating device. 

[0090] Fig. 9 shows an embodiment of a manufacturing method for the liquid 
crystal device shown in Fig. 1 . In this manufacturing method, PI to P7 are processes for 
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forming the first substrate 3a, and PI 1 to P14 are processes for forming the second substrate 
3b. Normally, the processes for forming the first substrate 3a and the processes for forming 
the second substrate 3b are individually performed. In the present embodiment, the first 
substrate 3a and the second substrate 3b having the size shown in Fig. 1 are not directly 
formed. As shown in Figs. 10(a) and 10(b), first, a mother substrate 33a including a plurality 
of first substrates 3 a and a mother substrate 33b including a plurality of second substrates 3b 
are constructed. Then, the first and the second substrates 3a and 3b are obtained by breaking 
the mother substrates 33a and 33b, respectively. 

[0091] With reference to Fig. 9, the processes for forming the first substrate 3a will 
be described below. First, a first mother base plate 38a of large area (see Fig. 10(a)) formed 
of a transparent glass, a transparent plastic, etc., is prepared, and a plurality of light reflecting 
films 9 for a plurality of liquid crystal panels 2 are formed on the mother base plate 38a by 
photolithography, etc. (PI). Then, the color filters 1 1 are individually formed on the light 
reflecting films 9 by the inkjet method, which will be described below, etc. (P2), and then the 
first electrodes 12a are formed by photolithography, etc. (P3). 

[0092] Then, the alignment films 13a are formed on the first electrodes 12a by 
painting, printing, etc. (P4), and then the alignment films 13a are subjected to an alignment 
process, for example, a rubbing process, which determines the initial aligiunent of the liquid 
crystal (P5). Next, the sealing members 4 are formed in a shape such that the sealing member 
4 can individually surround regions corresponding to the liquid crystal panels 2 by screen 
printing, etc. (P6), and then spherical spacers 27 are spread over the alignment films 13a (P7). 
Accordingly, the mother substrate 33a of large area (see Fig. 10(a)) including a plurality of 
panel areas on first substrates 3a of the liquid crystal panels 2 is formed. 

[00931 The processes for forming the second substrate 3b (PI 1 to PI 4 in Fig. 9) are 
performed separately from the above-described processes for forming the first substrate 3 a. 
First, a second mother base plate 38b of large area (see Fig. 10(b)) formed of a transparent 
glass, a transparent plastic, etc., is prepared. Then, the electrical lines 21 and the switching 
elements 22 for a plurality of the liquid crystal panels 2 are formed on the surface of the 
second mother base plate 38b (PI 1), and then the second electrodes 12b are formed with ITO, 
etc., by photolithography, etc. (P12). 

[0094] Next, the alignment films 1 3b (see Fig.2) are formed by painting, printing, 
etc. (PI 3), and then the alignment films 13b are subjected to an alignment process, for 
example, a rubbing process, which determines the initial alignment of the liquid crystal (PI 4). 
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Accordingly, the mother substrate 33b of large area including a plurality of panel areas on 
second substrates 3b of the liquid crystal panels 2 is formed. 

[0095] After the first mother substrate 33a of large area and the second mother 
substrate 33b are formed as described above, the mother substrates 33a and 33b are aligned, 
that is, the positions and orientations thereof are adjusted. Then, the mother substrates 33a 
and 33b are laminated with the sealing member 4 therebetween (P21). Accordingly, a panel 
unit including a plurality of empty liquid crystal panels, that is, in which liquid crystal is not 

yet injected, is formed. 

(00961 Next, the panel unit including the empty liquid crystal panels is cut into long 
rectangular panel pieces in such a manner that the opening 4a (see Fig. 1) formed in the 
sealing member 4 for injecting the liquid crystal is exposed in each of the liquid crystal 
panels (P22). Then, the liquid crystal L is injected into each of the liquid crystal panels 
through the opening 4a for injecting liquid crystal, and then the opening 4a is sealed by a 
resin, etc. (P23). 

[0097] Generally, in the liquid crystal injection process , a container is filled with 
liquid crystal and the container filled with liquid crystal and the long rectangular panel pieces 
including the empty liquid crystal panels are first put into a chamber, etc. Then, the chamber, 
etc., is evacuated, and the panel pieces are dipped into the liquid crystal. Then, the chamber 
is vented to the atmosphere. Since the interior regions of the empty liquid crystal panels are a 
vacuum at this time, the liquid crystal, which is pressurized at atmospheric pressure, is drawn 
into the liquid crystal panels through the opening for injecting liquid crystal. Since the liquid 
crystal adheres to the exterior surfaces of the panel pieces in the liquid crystal injection 
process, the panel pieces are cleaned at P24 after the liquid crystal injection process. 

[0098] Then, after the liquid crystal injection process and the cleaning process, the 
long rectangular panel pieces are subjected to a scribing process, that is, a cutting process, so 
that a plurality of liquid crystal panels 2 are obtained (P25). Then, as shown in Fig. 1, the 
Liquid crystal driving ICs 6a and 6b are mounted on each of the liquid crystal panels 2, and 
the illuminating device 7 is attached to each of the liquid crystal panels 2 as a backlight 
(P26). hi addition, the polarizing plate 19a is formed on the outside surface of the first 
substrate 3a and the polarizing plate 19b is formed on the outside surface of the second 
substrate 3b (P27). The liquid crystal device 1 is thus completed. 

[0099] In the processes for forming the first substrate 3a shown in Fig. 9, the color 
filter forming process (P2) will be described below in greater detail. 
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[0100] Fig. 1 1 schematically shows processes for forming the color filter 1 1 . First, 
as viewed along the arrow B, the bank 14 is formed of a nontransparent resin material in a 
matrix pattern on the surface of the mother base plate 38a formed of glass, plastic, etc., on 
which the light reflecting film 9 is fomied (P31). The subpixels 16 are individually formed in 
cells 28 formed by the bank 14 in the matrix pattern. 

[0101] The size of each cell 28 formed by the bank 14 is, for example, 30 nm x 100 
Hm when viewed along the arrow B. The bank 14 is preferably fonned by applying an ink- 
repellent resin at a uniform thickness by a suitable deposition method, for example, spin 
coating, and forming a predetermined matrix pattern by a suitable patterning method, for 
example, photolithography. 

[0102] - Then, at P32, red, green and blue subpixels 16 are formed in the sections 
fonned by the bank 14 by the Inkjet method. More specifically, an Inkjet head 52 scans over 
the mother base plate 38a, and a subpixel material M6 is ejected from nozzles 57, which are 
foraied in the inkjet head 52, in the form of ink drops at a timing corresponding to one of the 
patterns shown in Fig. 4 and adhered on the mother base plate 38a. Then, the subpixel 
material M6 is cured by baking it or by applying ultraviolet rays, thus completing the 
subpixels 16. The above-described processes are performed for each of the red, green, and 
blue subpixels 16R, 16G, and 16B, so that a desired subpixel pattern can be obtained. 

[01 03] Then, at P3 3 , the protecting films 1 7 are individually formed on the 
subpixels 16 in the sections formed by the bank 14 by the inkjet method. More specifically, 
similarly to the processes for forming the subpixels 16, the inkjet head 52 scans over the 
mother base plate 38a, and a protecting film material M7 is ejected from the nozzles 57 
which are formed in the inkjet head 52 toward the subpixel elements in the form of ink drops 
at a timing con-esponding to one of the patterns shown in Fig. 4 and adhered on the subpixels 
16 on the mother base plate 38a. Then, the protecting film material M7 is cured by, for 
example, baking it for 30 to 60 minutes at 200°C, thus completing the protecting films 17. 

[0104] In the inkjet process for forming the subpixels 1 6 (P32), the inkjet head 52 
may scan three times for individually forming the R, G, and B subpixels 16. Alternatively, 
the inkjet head 52 may be provided vnMi three kinds of nozzles for the three colors (R, G, and 
B), so that the R, G, and B subpixels 16 can be formed by a single scan. 

[0105] In addition, in the protecting film forming process (P33), ink drops of a 
predetermined volume may be provided to all the sections formed by the bank 14 by a single 
scan of the inkjet head 52. However, in the case in which the subpixels 16 formed in the 
section have different thicknesses in accordance with the colors thereof, the volume of the ink 
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drops ejected from the nozzles 57 is adjusted in accordance with the colors of the subpixels 
16. 

[0106] The inkjet head 52 for the subpixel forming process (P32) and the inkjet 
head 52 for the protecting film fomiing process (P33) may be used in sequence in a single 
inkjet apparatus. Alternatively, the inkjet head 52 for the subpixel forming process (P32) and 
the inkjet head 52 for the protecting film fonning process (P33) may be installed in different 
inkjet apparatuses, which are operated separately. In addition, a single inkjet head and a 
single inkjet apparatus may be used in both the subpixel fonning process (P32) and the 
protecting layer forming process (P33) by changing the ink supplied to the inkjet head 52 
between the subpixel material and the protecting film material. 

[0107] In addition, the method for scanning the inkjet head 52 over the mother base 
plate 38a in the subpixel forming process (P32) and the protecting film forming process (P33) 
is not limited, and various methods can be considered. For example, the nozzles 57 may be 
an-anged in a line having the same length as one side of the mother base plate 38a, and the 
subpixel material M6 and the protecting film material M7 may be supplied over the entire 
area of the mother base plate 38a by a single scan. Alternatively, the nozzles 57 may be 
arranged in a line that is shorter than one side of the mother base plate 38a, and the inkjet 
head 52 may be repeatedly moved in a main scanning direction and also in a sub-scanning 
direction for displacing a main sanning positions until ink is supplied over the entire area of 

the mother base plate 38a. 

[0108] Fig. 12 shows an example of an inkjet apparatus used in the subpixel 
forming process (P32) and the protecting film forming process (P33). An inkjet apparatus 46 
is used for ejecting the subpixel material or the protecting film material onto the mother base 
plate 38a (see Fig. 10(a)) at predetermined positions in the substrate section 3a. 

[0109] With reference to Fig. 1 2, the inkjet apparatus 46 can include a head unit 56 
having the inkjet head 52, a head position controller 47 which controls the position of the 
inkjet head 52, a base plate position controller 48 which controls the position of the mother 
base plate 38a, a main scanning driver 49 which moves the inkjet head 52 relative to the 
mother base plate 38a in a main scanning direction, a sub-scanning driver 51 which moves 
the inkjet head 52 relative to the mother base plate 38a in a sub-scanning direction, a base 
plate supplying device 53 which transfers the mother base plate 38a to a predetermined 
position in the inkjet apparatus 46, and a control device 54 which controls the entire system 
of the inkjet apparatus 46. 
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[0110] The head position controller 47, the base plate position controller 48, the 
main scanning driver 49, and the sub-scanning driver 51 are disposed on a base 39. In 
addition, a cover 34 may be disposed over the above-described devices as necessary. 

[0111] As shown in Fig. 14, the Inkjet head 52 includes a plurality of head chips 50 
(in the present embodiment, six), and a carriage 55 which retains the head chips 50 such that 
the head chips 50 are arranged in a line. The carriage 55 is provided wdth holes, that is, 
concavities, which are slightly larger than the head chips 50, at positions at which the head 
chips 50 are to be retained. The head chips 50 are individually disposed in the concavities, 
and are fixed by screws, adhesives, or other fixing techniques. In the case in which the 
positions of the head chips 50 relative to the carriage 55 are precisely determined, the head 
chips 50 may also be fixed in the concavities by press fitting. 

[0112] As shown in Fig. 14(b), each of the head chips 50 includes a nozzle line 58 
in which a plurality of nozzles 57 are arranged in a line. The number of the nozzles 57 is, for 
example, 180, and the diameter of the nozzles 57 is, for example, 28 |am. In addition, the 
nozzle pitch between the nozzles 57 is, for example, 141 ^im. In Fig. 14(a), X denotes the 
main scanning direction and Y denotes the sub-scanning direction of the inkjet head 52. 

[0113] While the inkjet head 52 is moved over the mother base plate 38a in parallel 
to the X direction, the subpixel material or the protecting film material is ejected selectively 
from the nozzles 57 formed in the head chips 50. Thus, the subpixel material or the 
protecting film material adheres to the mother base plate 38a at predetermined positions. The 
position at which the inkjet head 52 is moved in the main scanning direction X can be shifted 
by moving the inkjet head 52 a predetermined distance, for example, an integral multiple of 
the length LO of the nozzle lines 58, in the sub-scanning direction Y. 

[0114] The nozzle lines 58 are formed in the head chips 50 in such a manner that 
the nozzle lines 58 are all arranged on a line Z when the head chips 50 are attached to the 
carriage 55. A distance D between adjacent head chips 50 is determined such that the 
distance between two nozzles 57, which individually belong to adjacent head chips 50 and 
which are individually disposed at ends close to each other, is the same as the length LO of 
the nozzle lines 58 in the head 50. The nozzle lines 58 are arranged in the above-described 
manner merely for facilitating the movement control of the inkjet head 52 in the main 
scanning direction X and in the sub-scanning direction Y. Thus, the arrangement of the 
nozzle lines 58, that is, the arrangement of the head chips 50 relative to the carriage 55, may 
also be set in various ways other than the above-described arrangement. 
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[0115] Fig. 16(a) and Fig. 16(b) show the internal structure of each of the head 
chips 50. More specifically, the head chip 50 includes a nozzle plate 59 formed of stainless 
steel, a vibrating plate 61 which opposes the nozzle plate 59, and a plurality of partitioning 
plate's 62 which are fixed between the nozzle plate 59 and the vibrating plate 61 . A plurality 
of ink cells 63 and an ink pool 64 are formed between the nozzle plate 59 and the vibrating 
plate 61 by the partitioning plates 62. The ink cells 63 are comiected to the ink pool 64 by 
ink passages 68. 

[0116] The vibrating plate 61 is provided with an ink supplying hole 66 at a suitable 
position, and an ink supplying device 67 is comiected to the ink supplying hole 66. The ink 
supplying device 67 supplies the subpixel material M or the protecting film material M 
through the ink supplying hole 66, so that the ink pool 64 and the ink cells 63 are filled wdth 
the subpixel material M or the protecting film material M. With respect to the subpixel 
material M, one of the materials corresponding to R, G, and B is supplied fi-om the ink 
supplying device 67, and different head chips 50 are prepared for different colors. 

101171 The materials for forming the R, G, and B subpixels are formed by diffusing 
R, G, and B coloring materials in a solvent. In addition, the protecting film material M is 
formed of a transparent heat-curable resin or a transparent photocurable resin and includes, 
for example, at least one of acrylic resin, epoxy resin, imide resin, and fluorocarbon resin. 
The viscosity of the protecting film material M is preferably set to 4 to 50 ops. When the 
viscosity is lower than 4 cps, the fluidity of the protecting film material M is too high so that 
it is difficult to form a predetermined shape, and when the viscosity is higher than 50 cps, it is 
difficult to eject a predetermined amount of material through the nozzles 57. 

[01181 The nozzle plate 59 is provided with the nozzles 57 for ejecting the subpixel 
material M or the protecting film material M from the ink cells 63. In addition, ink 
pressurizing members 69 are disposed on the vibrating plate 61 at the side opposite to the side 
at which the ink cells 63 are formed, at positions corresponding to the ink cells 63. As shown 
in Fig. 16(b), each of the ink pressurizing members 69 includes a piezoelectric element 71 
and a pair of electrodes 72a and 72b which sandwich the piezoelectric element 71 . When a 
voltage is applied across the electrodes 72a and 72b, the piezoelectric element 71 deforms to 
swell outward in the direction shown by the arrow C, so that the capacity of the ink cell 63 
increases. Thus, the subpixel material M or the protecting film material M flows into the ink 
cell 63 from the ink pool 64 through the ink passage 68 by the amount corresponding to the 
. increased capacity of the ink cells 63. 
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[0119] Then, when the voltage applied across the electrodes 72a and 72b is 
removed, the piezoelectric element 71 and the vibrating plate 61 return to their initial shapes, 
and the capacity of the ink cells 63 is reduced to the initial value. Thus, the subpixel material 
M or the protecting film material M contained in the ink cells 63 is pressurized, and is ejected 
toward the mother base plate 38a (see Fig. 10(a)) via the nozzle 57 as an ink drop M6 or M7. 
In order to prevent the ink drop M6 or M7 from being stuck in the nozzle 57 or being ejected 
in an undesirable direction, an ink-repellent layer 73 formed of, for example, a Ni- 
tetrafluoroethylene deposited layer, is formed around the nozzle 57. 

[0120] With reference to Fig. 13, the head position controller 47 includes an a 
motor 74 which rotates the inkjet head 52 around a vertical axis, a p motor 76 which rotates 
the inkjet head 52 around an axis parallel to the sub-scanning direction Y, a y motor 77 which 
rotates the inkjet head 52 around an axis parallel to the main scanning direction X, and a Z 
motor 78 which moves the inkjet head 52 in the vertical direction. 

[0121] In addition, with reference to Fig. 13, the base plate position controller 48 
shovm in Fig. 12 includes a table 79 on which the mother base plate 38a is disposed, and a 0 
motor 81 which rotates the table 79 in a horizontal plane, as shown by the arrow 6. In 
addition, as shown in Fig. 13, the main scanning driver 49 shown in Fig. 12 includes a guide 
rail 82 which extends in the main scanning direction X and a slider 83 which contains a linear 
motor that is driven based on pulses. The slider 83 moves in parallel in the main scanning 
direction X along the guide rail 82 when the linear motor contained in the slider 83 is 
operated. 

[0122] In addition, as shown in Fig. 13, the sub-scanning driver 51 shown in Fig. 12 
includes a guide rail 84 which extends in the sub-scanning direction Y and a slider 86 which 
contains a linear motor that is driven based on pulses. The slider 86 moves in paralell in the 
sub-scanning direction Y along the guide rail 84 when the linear motor contained in the slider 
86 is operated. 

[0123] Each of the linear motors contained in the sliders 83 and 86 can be operated 
with high precision by controlling a rotation angle of an output shaft based on pulse signals 
supplied to the motors. Accordingly, the position of the inkjet head 52 that is supported by 
the slider 83 can be controlled in the main scanning direction X with high precision, and the 
position of the table 79 can be controlled in the sub-scanning direction Y with high precision. 
In addition to the above-described method in which the pulse motors are used, the positions 
of the inkjet head 52 and the table 79 may also be feedback controlled using servo motors, or 
may be controlled by other methods. 
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[0124] The base plate supplying device 53 shown in Fig. 12 includes a base plate 
container 87 which contains the mother base plate 38a and a robot 88 which carries the 
mother base plate 38a. The robot 88 includes a base 89 which is disposed on an installing 
base such as the floor, ground, etc., an vertical shaft 91 which moves vertically relative to the 
base 89, a first arm 92 which rotates around the vertical shaft 91, a second arm 93 which 
rotates relative to the first arm 92, and a chucking member 94 which is disposed on the 
bottom surface of the second arm 93 at the end thereof. The chucking member 94 is able to 
chuck the mother base plate 38a by air suction, etc. 

[0125] In Fig. 12, a capping device 106 and a cleaning device 107 are disposed at 
one side of the sub-scanning driver 51, and at positions inside the moving region of the inkjet 
head 52, which is driven by the main scanning driver 49. In addition, an electrobalance 1 08 
is disposed at the other side of the sub-scanning driver 51. The cleaning device 107 is used 
for cleaning the inkjet head 52. The electrobalance 108 is used for measuring the weight of 
an ink drop ejected from each nozzle 57 of the inkjet head 52. In addition, the capping device 
106 is used for preventing the nozzles 57 from drying while the inkjet head 52 is in a standby 
state. 

[0126] An inkjet head camera 1 1 1 is disposed near the inkjet head 52 in such a 
manner that the inkjet head camera 1 1 1 and the inkjet head 52 are able to move together. In 
addition, a base plate camera 112, which is supported by a supporting device (not shown) 
provided on the base 39, is disposed such that the base plate camera 1 12 is able to observe the 
mother base plate 3 8a. 

[01271 The control device 54 shown in Fig. 12 includes a main computer 96 
containing a processor, a keyboard 97 which serves as an input device, and a Cathode Ray 
Tube (CRT) display 98. As shown in Fig. 17, the above-described processor includes a 
Central Processing Unit (CPU) which performs calculations and an information storage 
medium 101, that is, a memory that stores various information. 

[0128] As shown in Fig. 17, the head position controller 47 shown in Fig. 12, the 
base plate position controller 48, the main scanning driver 49, and the sub-scanning driver 51 
shovsoi in Fig. 12, and an inkjet head driving circuit 102 for driving the piezoelectric elements 
71 (see Fig. 16(b)) included in the inkjet head 52 are connected to the CPU 99 via an 
input/output interface 103 and a bus 104. In addition, the base plate supplying device 53, the 
input device 97, the display 98, the electrobalance 108, the cleaning device 107 and the 
capping device 106 are also connected to the CPU via the input/output interface 103 and the 
bus 104. 
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[01291 memory 101 may be a semiconductor memory such as Random Access 

Memory (RAM), Read Only Memory (ROM), etc., or an external storage device such as a 
hard disk, a CD-ROM reader, a disk type storage medium, etc. The memory 101 can include 
a memory area for storing a software program in which operation processes of the inkjet 
device 46 are written, a memory area for storing the displacement of the slider 83 in the main 
scanning direction X and the displacement of the mother base plate 38a in the sub-scanning 
direction Y shown in Fig. 13, an area which serves as a work area for CPU 99, temporary 
files, etc., and various other memory areas. 

[0130] In the present embodiment of the liquid crystal device manufacturing 
method, particularly of the color filter manufacturing method, the inkjet device 46 is used in 
both the subpixel forming process (P32) and the protecting film forming process (P33) shown 
in Fig. 1 1 . The inkjet device 46 used in the subpixel forming process (P32) and the inkjet 
device 46 used in the protecting film forming process (P33) may have almost the same 
mechanism. 

[0131] As shown in Fig. 17, the memory 101 contained in the inkjet device 46 used 
in the subpixel forming process (P32) stores a software program which controls the entire 
process of forming the subpixels, RGB position data, which is data of positions for forming 
the R, G, and B subpixels corresponding to one of the patterns shown in Fig. 4, and RGB 
volume data, which is data of the volumes of the R, G, and B subpixel materials to be 
supplied at the corresponding positions. In the RGB volume data, the volumes of the 
subpixel materials may be determined based on the colors, or based on coordinates on the 
mother base plate 38a. 

[0132] While the inkjet head 52 is moved in the main scanning direction, the CPU 
99 calculates when and from which nozzle 57 the ink, that is, the subpixel material, should be 
ejected based on the RGB position data and the RGB volume data. 

[0133] Similarly to the inkjet device 46 used in the subpixel forming process (P32), 
the memory 101 shown in Fig. 17 contained in the inkjet device 46 used in the protecting film 
forming process (P33) stores a software program which controls the entire process of forming 
the protecting film, RGB position data, which is data of positions for forming the R, G, and B 
subpixels corresponding to one of the patterns shown in Fig. 4, and RGB volume data, which 
is data of the volumes of the R, G, and B subpixel materials to be supplied at the 
corresponding positions. 

[0134] While the inkjet head 52 is moved in the main scanning direction, the CPU 
99 calculates when and fi-om which nozzle 57 the ink, that is, the protecting film material. 
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should be ejected based on the RGB position data and the RGB volume data. The volume of 
the protecting film material ejected from each nozzle 57 may be determined such that the top 
surface of the protecting films 17 and the top surface of the bank 14 become even, as shown 
in Fig. 5(a). In such a case, the CPU 99 subtracts the volume of the subpixel 16 from the 
capacity of the cell formed by the bank 14, and determines the calculated difference as the 
volume of the protecting film material to be ejected. 

[01351 Instead of storing the RGB volume data as described above, the memory 101 
contained in the inkjet device 46 used in the protecting film forming process (P33) may 
directly store data of volumes of the protecting film material to be supplied in association 
with the colors of the subpixels. 

[0136] The CPU 99 shown in Fig. 17 is used for ejecting the subpixel material or 
the protecting film material toward the mother base plate 38a at the predetermined positions 
based on the software program stored in the memory 101 . The CPU 99 can include a 
cleaning calculator which performs calculations for a cleaning process, a capping calculator 
which performs calculations for a capping process, a weight measurement calculator which 
performs calculations for a weight measuring process using the electrobalance 108 (see Fig. 
12), and a scanning and ejecting calculator which performs calculations for ejecting the 
subpixel material or the protecting film material at the predetermined positions by the inkjet 
method. 

[0137] The scanning and ejecting calculator can be divided into a starting position 
calculator which performs calculations for setting the initial position at which the inkjet head 
52 starts scanning, a main scanning control calculator which performs calculations for 
moving the inkjet head 52 in the main scanning direction X at a predetermined speed, a sub- 
scanning control calculator which performs calculations for moving the mother base plate 38a 
by a predetermined distance in the sub-scanning direction Y, and a nozzle ejection control 
calculator which performs calculations for controlling when and fi-om which nozzle 57 the 
ink, that is, the subpixel material should be ejected. 

[0138] Although the above-described functions are realized by the CPU 99 based 
on the software program in the present embodiment, a separate electronic circuit having such 
fiinctions may also be used if possible. 

[0139] The operation of the inkjet device 46, which is constructed as described 
above, vsdll be described below with reference to a flowchart shown in Fig. 18. 
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I014O] When an operator turns on the power and the inkjet device 46 is activated, 
initial setting is performed at SI . More specifically, the head unit 56, the base plate 
supplying device 53, the control device 54, etc., are set to an initial state. 

[0141] Then, when weight measurement is required (when the result is YES at S2), 
the head unit 56 shown in Fig. 13 is moved to the electrobalance 108 shown in Fig. 12 by the 
main scanning driver 49 (S3), and the volume of ink ejected from each nozzle 57 is measured 
by the electrobalance 108 (S4). Then, the voltage applied to the piezoelectric element 71 
corresponding to each nozzle 57 is adjusted in accordance with the ink ejection characteristic 

of each nozzle 57 (S5). 

[0142] Then, when cleaning is required (when the result is YES at S6), the head 
unit 56 is moved to the cleaning device 107 by the main scanning driver 49 (S7), and the 
cleaning device 107 cleans the inkjet head 52 (S8). 

[0143] When it is determined that both weight measurement and cleaning are not to 
be performed (when results at S2 and S6 are both NO), or when the weight measurement 
and/or the cleaning ends, the mother base plate 38a is supplied to the table 79 by activating 
the base plate supplying device 53 shown in Fig. 12 at S9. More specifically, the mother base 
plate 38a inside the base plate container 87 is chucked by the chucking member 94, is 
transfen-ed to the table 79 by operating the vertical shaft 91, the first arm 92, and the second 
arm 93, and is pushed against positioning pins 80 (see Fig. 13) disposed at suitable positions 
on the table 79. In order to prevent the displacement of the mother base plate 38a on the table 
79, the mother base plate 38a is preferably fixed to the table 79 by air suction, etc. 

[0144] Then, the output shaft of the 9 motor 8 1 shown in Fig. 1 3 is rotated in small 
angular steps while the mother base plate 38a is observed by the substrate camera 1 12 shown 
in Fig.l2, so that the table 79 is rotated in the horizontal plane in small angular steps. 
Accordingly, the mother base plate 38a is positioned (SIO). Then, while the mother base 
plate 38a is observed by the inkjet head camera 1 1 1 , the position to start scanning is 
calculated (SI 1), and the main scanning driver 49 and the sub-scanning driver 51 are 
operated such that the inkjet head 52 is moved to the starting position (SI 2). As shown in 
Fig. 19, the inkjet head 52 is set such that the extending direction Z of the nozzle line 58 in 
each head chip 50 is perpendicular to the main scanning direction X. 

[0145] With reference to Fig. 1 8, after the inkjet head 52 reaches the starting 
position at 812, the inkjet head 52 starts to move in the main scanning direction X at SI 3, and 
the ejection of the ink starts at the same time. More specifically, the main scanning driver 49 
shown in Fig. 13 drives the inkjet head 52 in the main scanning direction X shown in Fig. 19 
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at a constant speed. While the inkjet head 52 is moved, the nozzles 57 eject the subpixel 
material or the protecting film material when they reach the sections which are to receive the 
subpixel material or the protecting film material. Fig. 19(b) schematically shows the manner 
in which the subpixel material M or the protecting film material M is supplied to the sections 
formed by the bank 14 in the form of ink drops. 

10146] In Fig. 19(a), when the inkjet head 52 finishes a single scan in the main 
scanning direction over the mother base plate 38a (when the resuh is YES at S14), the inkjet 
head 52 returns to the initial position (SI 5). Then, the sub-scanning driver 51 drives the 
inkjet head 52 by a predetermined distance in the sub-scaiming direction Y, for example, an 
integral multiple of the length of a single nozzle line 58 (SI 6). Then, the main scanning and 
the ejection of the ink are repeated, so that the subpixels 16 or the protecting films 17 are 
formed in the cells which are still empty (SI 3). 

[0147] After the inkjet head 52 finishes a single main scan, the inkjet head 52 may 
be immediately moved in the sub-scanning direction Y without moving the inkjet head 52 
back to the initial position, and then moved rearward in the main scaiming direction X while 
the subpixel material or the protecting film material is ejected. In such a case, the main 
scanning for ejecting ink is performed not only when the inkjet head 52 is moved forward in 
the main scanning direction X but also when the inkjet head is moved rearward in the main 
scanning direction X. 

[0148] When the inkjet head 52 finishes forming the subpixels 16 or the protecting 
films 17 over the entire area of the mother base plate 38a (when the result is YES at S17), the 
mother base plate 38a is transferred out by the base plate supplying device 53 or by other 
transferring devices at SI 8. Then, unless a command to end the operation is issued by the 
operator (unless the result at SI 9 is YES), the process retums to S2 and the operation of 
ejecting the subpixel material or the protecting film material toward another mother base 
plate 38a starts. 

[01491 When the command to end the operation is issued by the operator (when the 
resuh at S19 is YES), the CPU 99 controls the inkjet head 52 such that the inkjet head 52 is 
transferred to the capping device 106 shovm in Fig. 12. Then, the inkjet head 52 is subjected 
to the capping process by the capping device 106 (S20). Accordingly, the operation of 
patterning the subpixels 16 or the protecting films 17 in the color filter 1 1 is completed. 
Then, the above-described process of forming the first electrodes 12a (P3 in Fig. 9) is 
performed. 
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[01501 As described above, according to the liquid crystal device manufacturing 
method of the present embodiment, each of the subpixels 16 shown in Fig. 1 1 is formed by 
the inkjet method. Thus, the relationships between the openings 1 8 formed in the light 
reflecting film 9 and the subpixels 16 can be individually adjusted, so that the colors 
displayed by the subpixels 16 can be individually and precisely adjusted. Accordingly, 
uniform color display over the display area can be realized. 

[0151] Fig- 1 5 shows a modification of the head chips 50 shown in Fig. 14(b). With 
reference to Fig. 14(b), each of the head chips 50 can be provided with a single nozzle line 58 
in the main scan direction X. However, the head chip 50 may also be provided with a 
plurality of nozzle lines 58 which are arranged in the main scanning direction X (in Fig. 1 5, 
two nozzle lines 58 are formed). By using this head chip 50, since the ink can be ejected 
from two lines of nozzles 57 arranged in the main scanning direction X, ejection of the 
subpixel material or the protecting film material can be controlled in various ways while the 
carriage 55 (see Fig. 14(a)) is moved in the main scanning direction X. 

[0152] Fig. 20 shows a main process, especially a color filter forming process, of a 
liquid crystal device manufacturing method according to another embodiment. This process 
is performed in place of the process shown in Fig. 19 which is described in the above- 
described embodiment. The color filter manufactured by the manufacturing method of the 
present embodiment is the same as the color filter denoted by reference numeral 1 1 in Fig. 5. 
In addition, a plurality of color filters 1 1 can be formed on the mother base plate 38a shown 
in Fig. 10(a) at the same time. 

[0153] In addition, the pattern of the subpixels 1 6 formed in the color filter 1 1 may 
be one of the patterns shown in Fig. 4 (the striped pattern, etc.), and the color filter 11 may be 
formed by the processes shown in Fig. 11 (P3 1 to P33). In addition, the inkjet device used in 
the subpixel forming process (P32) and the inkjet device used in the protecting film forming 
process (P33) niay be constructed as shown in Fig. 12. 

[0154] As is apparent from Figs. 19 and 20, the present embodiment is different 
from the above-described embodiment in that, when the inkjet head 52 is disposed at the 
initial position, that is, at the main scan starting position, above the mother base plate 38a, the 
entire body of the carriage 55 is inclined relative to the sub-scanning direction Y by an angle 
e. Thus, the extending direction Z of six nozzle lines 58 is also inclined relative to the sub- 
scanning direction Y by the angle 9. 

[0155] According to the present embodiment, the head chips 50 are moved in the 
main scanning direction X while they are inclined relative to the sub-scanning direction Y by 
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the angle 9. Thus, the pitch between the nozzles 57 formed in each head chip 50 can be made 
the same as the pitch between the sections in which the subpixels 16 and the protecting films 
17 are formed, that is, the pitch between the elements. When the pitch between the nozzles 
57 and the pitch between the elements are made the same as described above, it is not 
necessary to adjust the position of the nozzle lines 58 in the sub-scaiming direction Y. 

[0156] Fig. 21 shows a main process, especially an another color filter forming 
process, of a liquid crystal device manufacturing method according to another embodiment. 
This process is also performed in place of the process shown in Fig. 19 which is described in 
the above-described embodiment. The color filter substrate manufactured by the 
manufacturing method of the present embodiment is the same as the color filter for liquid 
crystal denoted by reference numeral 1 1 in Fig. 5. In addition, a plurality of color filters 1 1 
can be formed on the mother base plate 38a shown in Fig. 10(a) at the same time. 

[0157] In addition, the pattern of the subpixels 16 formed in the color filter 1 1 may 
be one of the patterns shown in Fig. 4 (the striped pattem, etc.), and the color filter 1 1 may be 
formed by the processes shown in Fig. 1 1 (P31 to P33). In addition, the Inkjet device used in 
the subpixel forming process (P32) and the Inkjet device.used in the protecting film forming 
process (P33) may be constructed as shown in Fig. 12. 

[0158] As is apparent from Figs. 1 9 and 21 , the present embodiment is different 
from the above-described embodiment in that, when the inkjet head 52 is disposed at the 
initial position, that is, at the main scan starting position, above the mother base plate 38a, six 
head chips 50 are inclined relative to the sub-scanning direction Y by an angle 9 although the 
entire body of the carriage 55 is not inclined. Thus, the extending direction Z of each nozzle 
line 58 is also inclined relative to the sub-scanning direction Y by the angle 0. 

[0159] According to the present embodiment, the head chips 50 are moved in the 
main scanning direction X while they are inclined relative to the sub-scanning direction Y by 
the angle 9. Thus, the pitch between the nozzles 57 in each nozzle line 58 can be made the 
same as the pitch between the sections in which the subpixels 16 and the protecting films 17 
are formed, that is, the pitch between the elements. When the pitch between the nozzles 57 
and the pitch between the elements are made the same as described above, it is not necessary 
to adjust the position of the nozzle lines 58 in the sub-scanning direction Y. 

[0160] In addition, according to the present embodiment, the entire body of the 
carriage 55 is not inclined as shown in Fig. 20, rather, only the head chips 50 are inclined. 
Thus, the distance between the nozzle 57 that is closest to the mother base plate 38a to be 
ejected and the nozzle 57 that is farthest from the mother base plate 38a can be significantly 
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reduced relative to the case shown in Fig. 20. Thus, the time interval during which the inkjet 
head 52 is moved in the main scanning direction X can be reduced, and the manufacturing 
time of the color filter can be reduced. 

[0161] In the embodiment shown in Figs. 5, 6, 7, and 8, the subpixels 16 are formed 
in the section defined by the bank 14 in a convex shape such that the central parts thereof 
swell upward, in other words, shaped like a dome. This shape can be formed when the 
subpixel material supplied by the inkjet method is dried slowly and at low temperature, for 
example, at 40''C for about 10 minutes. 

[0162] As shown in Fig. 22, instead of forming the subpixels 16 in the above- 
described shape, it should be understood that the subpixels 16 may also be formed in a 
-concave shape such that the central parts thereof are hollow. This shape can be formed when 
the subpixel material supplied by the inkjet method is dried quickly and at high temperature, 
for example, at lOO^'C for about 1 minutes. In the drying process at such a high temperature, 
the tolerance range of the temperature is large compared wdth a drying process at a low 
temperature, so that the temperature can be easily controlled, and the time necessary for the 
drying process can be reduced. 

[0163] As shown in Fig. 22, in the case in which the subpixels 16 are formed in the 
concave shape, the openings 18 of the light reflecting film 9 are formed at the peripheral 
regions of the sections formed by the bank 14. That is, the openings 1 8 are formed in an 
annular shape at regions corresponding to the thick parts of the subpixels 16. Accordingly, 
the length of the optical path in the subpixels 16 in the reflective display mode and that in the 
transmissive display mode can be made close or approximately the same, so that the color 
display can be made uniform between the reflective display mode and the transmissive 
display mode. 

[0164] Also in the present embodiment, the comers of the openings 1 8 may be 
formed as beveled comers Ml shown in Fig. 6(b) or as rounded comers M2 shovm in Fig. 
7(b). In addition, the openings 18 may also be formed in the light reflecting film 9 along one 
of the interference fringes F, which correspond to the thickness distribution of the subpixels 
1 6, as shown in Fig. 8(b). 

[0165] In Fig. 22, the components similar to those shown in Fig. 5 are denoted by 
the same reference numerals and the explanations thereof are omitted. 

[0166] Fig. 23 shows a modification of the openings 1 8 in the light reflecting film 
9. Openings 1 8 shown in Fig. 23 differ from those shown in Fig. 22 in that the openings 1 8 
are formed along the longitudinal direction of the rectangular sections formed by the bank 14 
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(that is, the vertical direction in Fig. 23(b)), in the peripheral region thereof. Except for this, 
the present modification is the same as the embodiment shown in Fig. 22. 

[0167] Fig. 24 shows another modification of the openings 18 in the light reflecting 
film 9. Openings 1 8 shown in Fig. 24 differ from those shown in Fig. 22 in that the openings 
18 are formed along the lateral direction of the rectangular sections formed by the bank 14 
(that is, the horizontal direction in Fig. 24(b)), in the peripheral region thereof Except for the 
differing openings, the present modification is the same as the embodiment shown in Fig. 22. 

[0168] Fig. 25 shows another modification of the openings 18 in the light reflecting 
film 9. Openings 1 8 shown in Fig. 25 differ from those shown in Fig. 22 in that the openings 
18 are formed at four corners of the rectangular sections formed by the bank 14 in a columnar 
shape, that is, a circular shape in cross section. Except for the differing openings, the present 
modification is the same as the embodiment shown in Fig. 22. 

[0169] Fig. 26 shows a mobile phone according to an embodiment of an electronic 
device of the present invention. In Fig. 26, a mobile phone 120 includes a display 121 which 
is constructed of a liquid crystal device, an anterma 122, a speaker 123, a key switch group 
124, and a microphone 125. The liquid crystal device 121, which fiinctions as a display, is 
constructed of, for example, the liquid crystal device 1 shown in Fig. 1 . 

[0170] Fig. 27 shows a watch according to another embodiment of an electronic 
device of the present invention. In Fig. 27, a watch 130 includes a liquid crystal device 131 
which serves as a display. The liquid crystal device 131 is constructed of, for example, the 
liquid crystal device 1 shown in Fig. 1 . 

[0171] Fig. 28 shows a portable information processor according to another 
embodiment of an electronic device of the present invention. In Fig. 28, a portable 
information processor 140 functions as, for example, a word processor, a personal computer, 
etc., and includes a main body 141 , an input device 142 such as keyboard, etc, disposed on 
the exterior of the main body 141, and a liquid crystal device 143 which functions as a 
display. A processor contained inside the main body performs calculations based on the 
information input via the keyboard 142, and the results are displayed on the liquid crystal 
device 143. 

[0172] Although the preferred embodiments of the present invention have been 
described, it should be understood that the present invention is not limited to the above- 
described embodiments, and various modifications can be made within the scope of the 
present invention which is disclosed in the claims. 
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10173J For example, although the R, G, and B subpixels are used in the foregoing 
descriptions, C(cyan), M(magenta), and Y(yellow) subpixels may also be used. In such a 
case, materials for forming the subpixels of C, M, and Y may be used instead of the materials 
for forming the R, G, and B subpixels. 

[0174] In addition, although six head chips 50 are disposed in a single inkjet head 
52 in the above-described embodiments, as shown in Fig. 14, the nvimber of head chips 50 
may be increased or reduced. 

[0175] In addition, in the embodiment shown in Figs. 1 0(a) and 1 0(b), a plurality of 
lines of first substrates 3a are formed in the first mother base plate 38a, and a plurality of 
lines of second substrates 3b are formed in the second mother base plate 38b. However, the 
present invenrion may also be applied in the case in which a single line of first substrates 3a 
is formed in the first mother base plate 38a and a single line of second substrates 3b is formed 
in the second mother base plate 38b. In addition, the present invention may also be applied in 
the case in which a single first substrate 3a having the same or smaller size relative to the first 
mother base plate 38a is formed on the first mother base plate 38a, and a single second 
substrate 3b having the same or smaller size relative to the second mother base plate 38b is 
formed on the second mother base plate 38b. 

[0176] In addition, in the inkjet device 46 shown in Figs. 1 2 and 1 3, the inkjet head 
52 is moved in the X direction for main scanning over the base plate 38a. In addition, the 
mother base plate 38a is moved in the Y direction by the sub-scanning driver 51 for the sub- 
scanning of the inkjet head 52 over the mother base plate 38a. However, the mother base 
plate 38a may be moved in the Y direction for the main scanning and the inkjet head 52 may 
be moved in the X direction for the sub-scanning. 

[0177] In addition, although the inkjet head in which ink is ejected by deforming 
piezoelectric elements are used in the above-described embodiments, an inkjet head having 
other constructions may also be used. 

[0178] In addition, the protecting films 1 7 may be formed using methods other than 
the inkjet method, for example, spin coating, roll coating, printing, etc. 

[0179] As described above, according to the present invention, the openings are 
formed in the light reflecting film at regions corresponding to the thickest parts of the 
subpixels. In addition, the openings are formed in the light reflecting film at regions 
corresponding to the central regions of the subpixels. In addition, the openings are formed in 
the light reflecting film in such a manner that the openings extend in the longitudinal 
direction of the subpixels. Accordingly, color display which is uniform over the display area, 
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and which is uniform between the reflective display mode and the transmissive display mode 
can be obtained. 

While this invention has been described in conjunction with the specific embodiments 
thereof, it is evident that many alternatives, modifications and variations will be apparent to 
those skilled in the art. Accordingly, preferred embodiments of the invention as set forth 
herein are intended to be illustrative not limiting. There are changes that may be made 
without departing from the spirit and scope of the invention. 



